We investigate the electronic structure of Sr 2 FeMoO 6 combining photoemission spectroscopy with a wide range of photon energies and electronic structure calculations based on first-principle as well as model Hamiltonian approaches to reveal several interesting aspects. We find evidence for unusually strong Coulomb correlation effects both in the Fe 3d and O 2p states, with an enhanced manifestation in the majority spin channel. Additionally, O 2p states exhibit a spin-splitting of nonmagnetic origin, which nevertheless is likely to have subtle influence on the stability of novel ferromagnetism of this compound.
Introduction
Sr 2 FeMoO 6 has been recently shown to exhibit a pronounced negative magnetoresistance at higher temperatures and lower magnetic fields 1 compared to the manganites, making it intrinsically more suitable for technological applications. An essential aspect of understanding the properties of this material is to understand the underlying electronic structure. The basic ingredient for crystal structure of this material is the cubic perovskite structure, with
Fe and Mo alternating in the (100), (010) and (001) We identify the origin of various features in the experimental valence band spectrum with the help of the dependence of the matrix elements on the photon energy. Thus, we find that while the specific ordering of energy levels near the Fermi energy, crucial for the magnetism, is in agreement with the ab initio results, there are some significant differences between Therefore, all the W-doped samples were first prepared by melt-quenching method 9 ; the 4 technique which always produced slightly less ordered but highly pure samples. These pellets were crushed, grounded thoroughly and finally annealed at the same condition in the form of pellets in order to achieve maximum ordering. 10 The purity and chemical homogeneity of the final products were checked by XRD and Energy Dispersive Analysis of X-rays (EDAX) techniques.
Majority of the photoemission experiments were carried out at the VUV photoemission beamline, 3.2R at Synchrotron Radiation Centre, Elettra, Trieste, with a sample temperature of 77 K. The sample surface was cleaned by in situ scraping with a diamond file. XPS valence band spectrum was recorded in a standard VSW electron spectrometer 11 at ∼120 K with AlKα radiation.
Calculational Methods
The ab-initio band structure of Sr 2 FeMoO 6 was computed using both the LMTO-ASA 
, where α i denotes the five 3d orbitals on the Fe site and σ i denotes the spin. As discussed later in the text, certain features in the experimental spectra prompted us to include an additional term representating Coulomb interactions within the oxygen p orbitals in the form U pp n β 1 ,σ n β 2 ,σ ′ . Effect of such a term involving U pp has been studied in the context of the electronic structure of the of high temperature superconductors 17 and other oxide systems. 18 The four fermion terms in the Hamiltonian were decoupled by using a mean-field approximation.
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The decoupled Hamiltonian involved the occupancies of various orbitals, which were then solved selfconsistently over a k-mesh of 1000 k-points.
Results and discussion
In Fig. 1 we show a selection of the valence band photoemission spectra of Sr 2 FeMoO 6 , obtained using different incident photon energies. All the spectra exhibit a finite intensity A standard route to take into account the effect of Coulomb interactions on the band structure is to incorporate this interaction within the transition metal 3d manifold in a mean-field sense, as in the case of LDA+U approach or the Hartree-Fock (HF) type mean- this disagreement has not been commented up on so far.
Before attempting to understand the origin of this discrepency, we first establish the origin of various experimental features from the dependencies of the normalized spectral intensities on the photon energies (Figs. 2(a) and (b) ). We found that the two features appearing at 1.8 and 8.3 eV exhibit significant non-monotonic hν dependence in the range of 42-65 eV ( Fig. 2(a) 25 Therefore, the relative intensity of Mo 4d delocalized states compared to the O 2p states is expected to show a rapid, monotonic increase with increasing photon energy, hν, due to the changes in the relative Mo 4d : O 2p cross-sections. 26 Such an increasing trend is indeed exhibited by the relative intensity of the feature at E F (see square data in Fig. 2(b) ), establishing a dominant contribution from delocalized Mo 4d states in this energy region.
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The assignment of various spectral features are further confirmed by a comparison of the intensity variations when the photon energy is changed from hν < 100 eV to 1486.6 eV using AlKα radiation. In Fig. 3 we show these spectra with the integrated area being normalized for each spectrum, with two representative low photon energy spectra with hν = 54. Fig. 3 . Specifically, the dip in the HF-DOS with U pp = 0 as well as in GGA results (Fig. 1 ) in the energy range of 4-6 eV is replaced with a large intensity feature in presence of U pp , in agreement with the experimentally observed broad maximum. We also find that the partial contributions from Mo 4d, Fe 3d and O 2p states in different energy regions are in good agreement with experimental results. Thus, the calculation shows dominant Mo 4d contribution due to t 2g states at E F , with significant contributions of t 2g and e g 10 symmetries also in the energy range of 7-9 eV, dominant Fe 3d contributions at 1.5 and 3 eV binding energy regions, arising from e g and t 2g states respectively, with a significant intensity contribution in the satellite region of 8-9 eV and a dominant O 2p nonbonding contribution in the 4-6 eV binding energy.
Spin-polarized DOS along with the total DOS, shown in Fig. 4 , establish some interesting features in the electronic structure of this compound. First, the spectral feature appearing near 8.3 eV, outside the GGA calculated bandwidth and associated with correlation-driven satellite, is entirely contributed by the up-spin channel, suggesting a more pronounced localized nature of electron states in this spin channel compared to the down spin channel.
This result can be understood in terms of the half-metallic nature of the ground state with the up-spin channel indeed localized with a gap at E F , while the down-spin channel is delocalized with a finite DOS at E F . However, a gap at the E F does not necessarily imply a localization of the wave-function in space; we confirm the localized-in-space nature of the up-spin channel in contrast to the down-spin channel by plotting the charge densities of the e g↑ and t 2g↓ spin states close to E F in the basal plane of the unit cell in all of them show the common features of more extended down-spin channel with relatively more charge density away from the nearby positively charged metal centers compared to the up-spin channel. This shows that the crystal-field stabilization of the electron states due to the positively charged neighboring sites will be relatively more for the up-spin oxygen states compared to the down-spin ones, as indeed found here, giving rise to the apparent exchange splitting of the oxygen p states.
In conclusion, we have found that the electronic structure of Sr 2 FeMoO 6 is dominated by strong electron correlation effects, manifesting more prominently within the Fe 3d upspin states, as a consequence of its half-metallic ground state. Detailed analysis of the spectral features using photon energy variation allows us to establish two interesting effects related to the oxygen p states. First, it appears necessary to explicitly account for the Coulomb interactions within the oxygen p states and second, there is a splitting between the oxygen p up-and down-spin channels arising from different spatial extensions of the corresponding wave-functions. In this context, we note that the ferromagnetic stability in band structure calculations tend to underestimate the ferromagnetic stability. 7, 8 Our findings here are likely to provide an understanding for the stability of ferromagnetism in this system, as our preliminary calculation of the spin wave dispersions indicates that the ferromagnetism is indeed favored by both finite U pp and the "spin"-splitting of the oxygen p states. 
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